We present an experimental study of the local and collective magnetism of EuFe 2 As 2 , that is isostructural with the high temperature superconductor parent compound BaFe 2 As 2 . In contrast to BaFe 2 As 2 , where only Fe spins order, EuFe 2 As 2 has an additional magnetic transition below 20 K due to the ordering of the Eu 2+ spins (J = 7/2, with L = 0 and S = 7/2) in an A-type antiferromagnetic texture (ferromagnetic layers stacked antiferromagnetically). This may potentially affect the FeAs layer and its local and correlated magnetism. Fe-K β x-ray emission experiments on EuFe 2 As 2 single crystals reveal a local magnetic moment of 1.3±0.15 µ B at 15 K that slightly increases to 1.45±0.15 µ B at 300 K. Resonant inelastic x-ray scattering (RIXS) experiments performed on the same crystals show dispersive broad (in energy) magnetic excitations along (0, 0) → (1, 0) and (0, 0) → (1, 1) with a bandwidth on the order of 170-180 meV. These results on local and collective magnetism are in line with other parent compounds of the AFe 2 As 2 series (A = Ba, Ca, and Sr), especially the well characterized BaFe 2 As 2 . Thus, our experiments lead us to the conclusion that the effect of the high magnetic moment of Eu on the magnitude of both Fe local magnetic moment and spin excitations is small and confined to low energy excitations.
I. INTRODUCTION
High temperature superconductivity (SC) was discovered in 2008 in Fe pnictides 1 , prompting detailed investigations of their structural, electronic, and magnetic properties [2] [3] [4] [5] .
In particular the 122 series, with the stoichiometry AFe 2 As 2 (A = Ba, Ca, and Sr), have attracted a lot of attention because of the availability of relatively large single crystals (> 1 mm 2 ), and the possibility to achieve SC by means of electron, hole, and isovalent doping [2] [3] [4] [5] .
The canonical parent compound BaFe 2 As 2 has a ThCr 2 Si 2 -type structure and undergoes a tetragonal-to-orthorombic phase transition followed by collinear antiferromagnetic (AF) ordering below 140 K [2] [3] [4] [5] . The presence of an AF phase close to SC is similar to other unconventional superconductors such as the cuprates and heavy fermions 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , and has allowed to extend theoretical magnetic pairing scenarios, previously proposed, to Fe pnictides 6, 10, 16 .
Therefore, the intimate interplay between antiferromagnetism and SC highlights the importance of a complete characterization of both static and dynamic magnetism in the Fe pnictides. The ordered magnetic moment detected in BaFe 2 As 2 is ≈1 µ B 2-4,12,13 . However quantum fluctuations due to the metallicity of BaFe 2 As 2 , and Fe pnictides in general, hinder the determination of the value of the fluctuating magnetic moment in slow probes 17, 18 (such as neutron scattering, NMR, and muon relaxation spectroscopy 11, 13, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ). This problem can be overcome using fast spectroscopies (on the order of femtoseconds) such as photoemission,
x-ray emission (XES), and x-ray absorption (XAS) spectroscopy 17, 18, 30, 31, 31, 32 that can take snapshots of the magnetic moment and reveal higher values of the local fluctuating magnetic moment (µ bare ) with respect to their slower counterparts. Moreover, a lot of attention has been paid to spin excitations, with inelastic neutron scattering (INS) being at the forefront in the measurement of spin waves in both parent and doped compounds 2,4,5,7-13,33-39 . Recently, resonant inelastic x-ray scattering (RIXS) has also been able to successfully measure high energy spin excitation in parent, electron-, and hole- cooled down. We obtained plate-like crystals whose quality was checked using Laue and scanning electron microscopy equipped with energy dispersive x-ray analysis. XAS and RIXS experiments were performed at the ADRESS beamline of the Swiss Light Source, Paul Scherrer Institute, Villigen PSI, Switzerland 58, 59 . XAS spectra at the Fe-L 2,3 edge were measured in total fluorescence yield (TFY) employing a diode detector. We measured the Fe-L 2,3 XAS spectra at 15 degrees incidence angle relative to the sample surface.
The RIXS spectrometer was set to a scattering angle of 130 degrees and the incidence angle on the sample's surface was varied to change the in-plane q // from (0, 0) to (0.44, 0) and from (0, 0) to (0.31, 0.31) as shown in the sketch of Fig. 3 (a). All RIXS data shown in the current paper are collected at grazing incidence as illustrated in the scheme of Fig. 3(a) . The total energy resolution of the RIXS experiments has been measured employing the elastic scattering of carbon-filled acrylic tape and is around 90 meV.
III. RESULTS AND DISCUSSION
XAS is a very well established technique to characterize the electronic ground states in materials with element selectivity [60] [61] [62] [63] . Figure 1 (a) shows a summary of the Fe-K XAS-PFY spectra acquired on EuFe 2 As 2 (black solid line) and BaFe 2 As 2 (red solid line) that was also measured for comparison. We can see the main features due to dipole allowed transitions between Fe-1s and Fe-4p states (labeled as peaks B, C, D, E, and F) as well as a weak pre-edge at energy 7.1127 keV (displayed also in the inset of Fig. 1(a) ) in agreement with a previous work for BaFe 2 As 2 63 . This pre-edge peak is ascribed to hybridization between Fe-3d 6 and As-4p orbitals, commonly seen in materials lacking inversion symmetry 64 . We observe little modification of Fe-K XAS-PFY between BaFe 2 As 2 and EuFe 2 As 2 as shown in the inset illustrating the pre-edge region, where we can see just a small difference in the width of the peak A. This small modification indicates that the hybridization and covalency between Fe and As is very similar in these compounds and marginally affected by the spacing layer. A slight change in the relative intensity of the peaks D and F is observed in Fig. 1(a) . These small effects may be ascribed to the local structural differences between the two systems originating from the different spacing layer, slightly changing the structure but not the hybridization. In Fig. 1(b) , we plot the Fe-L 2,3 XAS spectrum of EuFe 2 As 2 together with the one of BaFe 2 As 2 . The spectra display two broad peaks at ≈708 and 720 eV typical of Fe pnictides, ascribed to the L 3 and L 2 absorption edges [40] [41] [42] 65, 66 . In both compounds, the spectra are rather similar with minor differences in the shoulder at 711 eV. Usually this shoulder involves the charge transfer satellites and the small difference observed in the Fe-L XAS may be the effect of the different spacing layer affecting the distance between Fe and As, and consequently changing the charge transfer peak, as also suggested by Fe-K edge XAS-PFY. Clearly, Fe-L edge XAS confirms that in EuFe 2 As 2 Fe has the common 2+ oxidation state. Furthermore, the spectra do not show any multiplet structure common to oxides, confirming the high sample quality and the success of the in situ cleaving [40] [41] [42] 65, 66 . The FWHM of this peak is about 3 eV and is unchanged moving from EuFe 2 As 2 to BaFe 2 As 2 , indicating that the electronic structure is similar for the two compounds.
XES is a powerful probe for the measurement of µ bare 31,32,56,67-71 . One excites the Fe 1s core-electron into the continuum by means of a photon (in our case hν=7.140 keV) creating a highly unstable core-hole. This core-hole can be filled by an Fe 3p electron with the consequent emission of a photon to satisfy the energy balance. The system is then left in Fe 3p 5 final state which has a wavefunction affected by the Fe 3d orbitals and sensitive to the spin carried by valence electrons. The XES line created in this process is the Fe-K β emission line that is composed by a main peak, due to the sum of K β 1 and K β 3 , and a satellite peak named K β . The latter has been shown to be directly sensitive to the spin of the valence band, and using a proper calibration it is possible to extract the value of µ bare 31,32,56,64,67-72 .
This technique is able to probe µ bare in the femtosecond range overcoming the drawback of the quenching of the magnetic moment due to quantum fluctuations concerning other probes 17 .
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We show XES spectra in Fig. 2(a) In recent years, RIXS has received a lot of attention due to the huge instrumental improvements in terms of both energy resolution and flux 58, 59 permitting the detection of magnetic excitations in high temperature superconductors such as cuprates and Fe pnictides [40] [41] [42] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] .
We measured RIXS on EuFe 2 As 2 on the same single crystal used for XES and XAS experiments. The experimental configuration is shown in Fig. 3(a) . Figure 3 (b) displays as a black solid line a RIXS spectrum collected at (0.44, 0) and 19 K with the incident energy set to the maximum of the Fe-L 2,3 XAS peak (≈708 eV). The spectrum has a main peak at around -2 eV in energy loss and an additional shoulder at -4.3 eV. It is rather similar to the resonant emission observed in intermetallic materials of Fe and As [40] [41] [42] 65, 66, 96 . Despite the cleaving and high data quality, we do not see dd -excitations observed in other Fe pnictides with soft and hard x-ray RIXS 97,98 . In Fig. 3(b) we additionally show the fitting of the full emission line carried out as in Refs. [40] [41] [42] 66 employing the following formulas: 
where the low energy loss region (x) is fitted with a second order polynomial (with α, β and c as parameters) that is transited into an exponential decay (defined by intensity I 0 and slope a) at higher energy loss. This crossover between the two functions is obtained employing the function g γ that includes the energy ω * and the width γ of such a crossover 41, 66 .
The shoulder visible at energy loss around -4.3 eV is fitted with a gaussian term G.
At high q // in the low energy loss region (between 0 and -0.6 eV in energy loss) a clear peak well separated from the elastic line appears as shown in Fig. 4(a) In addition, we performed the same XAS and RIXS experiments at 300 K. intrinsic property of the sample. This can, in principle, be ascribed to several phenomena such as an increase in thermal diffuse scattering involving both phonon population and an enhanced scattering rate of electrons at 300 K. We are more inclined to ascribe the growth of the elastic line to the latter cause, since it is a common phenomenon observed in metals even if a possible enhancement arising from thermal diffuse scattering can not be completely ruled out (for details see Supplementary material). In Fig. 8 
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high temperature a clear peak is not observed. Unfortunately, the data presented here are not conclusive to establish whether magnetic excitations persist at all or not at 300 K in EuFe 2 As 2 . In Ref. 40 the effect of the temperature on the RIXS spectra has been shown for BaFe 2 As 2 and Ba 0.6 K 0.4 Fe 2 As 2 for q=0.5Å −1 . Similarly to our results in their case an enhancement in the elastic/quasielastic line was observed when the temperature is raised, demonstrating that this can be a common feature between different families of Fe pnictides.
However, the lack of additional momentum points in their study limits the experimental evidence in BaFe 2 As 2 and Ba 0.6 K 0.4 Fe 2 As 2 . We believe that high temperature RIXS studies deserve further attention to understand the evolution of spin excitations and the intrinsic enhancement of the elastic line. In this context, higher resolution instrumentation being commissioned in the future can help to shed light on this behavior by decreasing the width at the base of the elastic line, possibly resolving the spin excitation peak together with other additional excitations such as phonons.
IV. CONCLUSIONS
In summary, we have measured XAS at the Fe-K and L 2,3 edge of EuFe 2 As 2 and observed that Fe in this compound has a similar electronic state to BaFe 2 As 2 . XES measurements of the local magnetic moment evidenced a magnetic moment of 1.3±0.15 µ B at 15 K that is slightly increased to 1.45±0.15 µ B at 300 K. RIXS experiments detected collective spin excitations along (0, 0) → (1, 0) and (0, 0) → (1, 1) with a bandwidth around 170-180 meV at (0.44, 0) and (0.31, 0.31). We collected momentum dependent RIXS spectra at 300 K and observed a strong increase of the elastic line which precluded any further analysis regarding the spin excitations at this temperature. From our observations we conclude that the magnetism of EuFe 2 As 2 is similar to BaFe 2 As 2 in terms of both µ bare and bandwidth of the spin excitations. This demonstrates that, if there is an effect of the magnetism of Eu 
